Eukaryotic mRNA translation regulation is most often achieved by interference with initiation events (10). Unimpeded initiation occurs upon assembly of eukaryotic initiation factor 4F at the cap, recruitment of the 43S preinitiation complex, scanning, formation of the 48S initiation complex at the initiation codon, and 60S ribosomal subunit joining. Translation initiation repressors binding to 5Ј and 3Ј untranslated regions (UTR) have been reported to interfere with distinct steps of the initiation cascade. These include obstructed eukaryotic initiation factor 4F cap assembly (26), inhibited stable association of the 40S ribosomal subunit (9, 12), and blocked 60S ribosomal subunit joining (31).
Eukaryotic mRNA translation regulation is most often achieved by interference with initiation events (10) . Unimpeded initiation occurs upon assembly of eukaryotic initiation factor 4F at the cap, recruitment of the 43S preinitiation complex, scanning, formation of the 48S initiation complex at the initiation codon, and 60S ribosomal subunit joining. Translation initiation repressors binding to 5Ј and 3Ј untranslated regions (UTR) have been reported to interfere with distinct steps of the initiation cascade. These include obstructed eukaryotic initiation factor 4F cap assembly (26) , inhibited stable association of the 40S ribosomal subunit (9, 12) , and blocked 60S ribosomal subunit joining (31) .
Some mRNAs, however, can initiate translation by noncanonical mechanisms. Picornaviruses feature uncapped (29) plus-strand RNA genomes whose translation depends on internal ribosome entry sites (IRES) within their highly structured 5Ј UTR for initiation in a 5Ј-end, cap-independent manner (21, 34) . Poliovirus (PV), a member of the family Picornaviridae, is responsible for paralytic poliomyelitis, resulting from specific targeting of spinal cord motor neurons in the human central nervous system. Neurological disease is the result of complex interactions determined by the host, e.g., aggravating susceptibility factors (44) , viral receptors in the central nervous system (17) , and the innate immune response (19) , and the virus itself, e.g., capsid structure (43) and the viral RNA-dependent RNA polymerase (33; reviewed in reference 16 ).
An important viral determinant of neuropathogenesis is the IRES. Single point mutations in IRES stem loop domain V of the PV (Sabin) oral vaccine strains have been implicated in neurovirulence attenuation (8, 22, 37) , and deliberate manipulation of the PV IRES reduces its neurovirulent potential (1) . Replacement with a heterologous IRES element of human rhinovirus type 2 (HRV2) eliminates PV propagation in cells of neuronal derivation (5, 13, 14) and abolishes neuropathogenicity in mice transgenic for the human PV receptor (13) and in nonhuman primates (14) . Despite severely repressed viral propagation in neurons, the chimeric PV-RIPO replicates with wild-type kinetics in malignant glioma (15) and breast cancer (30) cells. These observations suggest that the conditions for HRV2 IRES-mediated translation in neurons differ from those in glioma and other cancer cells. HRV2 IRES-driven translation could require enabling factors in glioma cells that are absent in neuronal cells, or, alternatively, negative regulators in neurons could block PV-RIPO propagation.
Neuroblast:glioma heterokaryon analyses revealed that neuron-specific repression is trans dominant over robust PV-RIPO propagation in glioma cells (27) . We identified association of double-stranded RNA binding protein 76 (DRBP76), nuclear factor of activated T cells, 45 kDa (NF45), and RNA helicase A (RHA) with the HRV2 IRES by affinity chromatography with lysates from neuron-derived cells (27) . These proteins have been reported to associate with each other in diverse molecular arrangements: the DRBP76 monomer, a DRBP76: NF45 heterodimer, and a DRBP76:NF45:RHA heterotrimer also known as the nuclear factor associated with doublestranded RNA (NFAR) complex. Only DRBP76 and RHA are RNA binding proteins, suggesting that association of NF45 with the HRV2 IRES is indirect. DRBP76 and NF45 are sub-stantially more abundant in cytoplasmic fractions of neuronal cells than in those of glioma cells and are enriched in the ribosomal salt wash (RSW). Therefore, we investigated DRBP76 as a putative HRV2 IRES trans-acting factor. RNA interference-mediated depletion of DRBP76 in neuronal cells revealed its role in cell-type-specific restriction of PV-RIPO growth (27) .
Here we report that DRBP76 exists in a heterodimeric complex with NF45 in neuronal but not in glioma cells and that this complex specifically interacts with the HRV2 IRES in the former. Importantly, the heterodimer preferentially associates with the translation apparatus in neuronal but not in glioma cells. We demonstrate that PV-RIPO genomic RNA is translationally arrested in neuronal cells, whereas efficient assembly into polysomes occurs in glioma cells. Our observations suggest that interaction of the HRV2 IRES with the DRBP76:NF45 complex in neuronal cells contributes to translation arrest at the IRES, thus preventing viral translation and propagation in a cell-type-specific manner.
MATERIALS AND METHODS
cDNA, in vitro transcription, cell culture, and virus infections. Vectors for in vitro transcription of HRV2 IRES RNAs and for pshDRBP76, encoding a retroviral vector expressing short hairpin RNA (shRNA) complementary to DRBP76 mRNA, were generated as described previously (27) . Cell culture and propagation, virus infections, and growth assays were performed essentially as described before (13) (14) (15) .
Cell extract preparation and Western blotting. S10 lysates of HEK-293 and HTB-14 cells were prepared as described before (27) . Lysates (6 ml at 0.5 mg/ml) were purified over 3-ml heparin Sepharose columns (CL4B heparin Sepharose; Roche, Indianapolis, IN) before use with RNA affinity chromatography to reduce the level of nonspecific nucleic acid binding proteins. Western blotting was performed as described before (6) , with primary antibodies including mouse anti-DRBP76 (␣-DRBP76) (Transduction Laboratories, San Jose, CA), rabbit ␣-RHA (a gift from J. Hurwitz, Memorial Sloan Kettering Cancer Center), rabbit ␣-NF45 (a gift from S. Behrens, Fox Chase Cancer Center), murine ␣-tubulin (Sigma, St. Louis, MO), and rabbit ␣-ribosomal protein S6 (␣-RpS6) (Cell Signaling, Beverly, MA).
Molecular size exclusion chromatography. A 24-ml Superdex 200 HR 10/30 column (Amersham Biosciences, Piscataway, NJ) was equilibrated in running buffer (50 mM Tris-HCl, pH 7.5, 100 mM KCl) and calibrated with molecular size standards blue dextran (2 MDa), apoferritin (443 kDa), ␤-amylase (200 kDa), alcohol dehydrogenase (150 kDa), albumin (66 kDa), and carbonic anhydrase (29 kDa) according to the manufacturer's protocol (Sigma, St. Louis, MO). Protein was applied to the column under constant pressure at 0.5 ml/min by using a fast-performance liquid chromatography system. One-milliliter fractions were collected, and the protein concentration was determined by Bradford analysis (2a). S10 lysate was diluted to 5 mg/ml in running buffer with 5% glycerol to a final volume of 100 l. Protein was trichloroacetic acid precipitated from every fraction and analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by Western blotting.
Immunoprecipitation and immunodepletion. Immunoprecipitation was performed as described previously (27) . Briefly, 35-mm dishes of confluent cells were lysed in 200 l radioimmunoprecipitation assay buffer (27) and subjected to immunoprecipitation with ␣-DRBP76 at 5 g/ml, ␣-NF45 at 1:100, or mouse immunoglobulin G at 5 g/ml. After extensive washing, protein was recovered with 1% SDS and analyzed by SDS-PAGE followed by Western blotting. Immunodepletion was performed as described previously (41) , with the following modifications. One milliliter of 50% protein G beads (Amersham Pharmacia, Piscataway, NJ) in PB {20 mM HEPES, pH 7.4, 120 mM potassium acetate (KOAc), 4 mM magnesium acetate [Mg(OAc) 2 ], 5 mM dithiothreitol (DTT)} was coupled to 3 mg ␣-DRBP76 antibody overnight at 4°C. One hundred microliters of antibody-conjugated beads was incubated with 2 mg HEK-293 S10 extract for 30 min on ice with occasional mixing. The protein G beads were removed by centrifugation. This procedure was repeated four times to remove the protein.
Density gradient centrifugation and ribosomal profiles. Cell lysates were prepared as described before (24) . Cells were mock infected or infected with PV-RIPO at a multiplicity of infection of 10. At 4 hours postinfection (hpi), cycloheximide (CHX) (Sigma, St. Louis, MO) was added to the growth media (0.2 mM for 15 min) at 37°C. The cells were collected in 15 ml of permeabilization buffer [110 mM KOAc, 25 mM HEPES, 2.5 mM Mg(OAc) 2 , 1 mM EGTA, 1 mM DTT, 1 mM phenylmethylsulfonyl fluoride, 0.2 mM CHX, 10 U/ml RNase OUT], centrifuged, resuspended in polysome extraction buffer [400 mM KOAc, 25 mM HEPES, 15 mM Mg(OAc) 2 , 2% digitonin, 1 mM DTT, 1 mM phenylmethylsulfonyl fluoride, 0.2 mM CHX, 50 U/ml RNase OUT], and incubated on ice for 30 min. After centrifugation for 10 min at 10,000 rpm at 4°C, 800 l of the supernatant was either layered onto a 10-ml 10 to 50% sucrose gradient and centrifuged at 35,000 rpm for 3 h at 4°C or layered onto a 10-ml 5 to 20% sucrose gradient and centrifuged at 40,000 for 4 h at 4°C. Gradients were fractionated while UV absorbance at 254 nm was monitored. Total RNA was isolated from fractions by use of Trizol-LS reagent and analyzed by agarose gel electrophoresis to detect rRNA. A portion of each sample was used for reverse transcription PCR (RT-PCR) to detect viral RNA as described before (15) . Protein was trichloroacetic acid precipitated, solubilized in SDS-PAGE loading buffer, and analyzed by Western blotting following procedures described elsewhere (3).
RESULTS

DRBP76 and NF45 form a binary complex in neuronal cells.
DRBP76 is an RNA binding protein capable of associating with and repressing activity of the HRV2 IRES (27) . Recent work by multiple labs suggests that DRBP76 acts as a component of a protein complex to regulate gene expression at a posttranscriptional level. DRBP76 is a member of the nuclear factor of activated T cells complex, which consists of DRBP76 and NF45 (25) . In addition, it has been characterized in the NFAR complex, comprised of DRBP76, NF45, and RHA (20) . All three NFAR members were identified by affinity chromatography to associate with the HRV2 IRES (27) . However, this does not necessarily imply association of the intact NFAR complex with the HRV2 IRES in vivo. Therefore, we investigated assembly of these proteins in complexes in the cytoplasm of HEK-293 neuroblasts and glioma cells. The compositions of complexes engaging DRBP76 may differ in a cell-type-specific manner and may influence association with the HRV2 IRES and related effects on IRES-mediated translation.
We used molecular size exclusion chromatography to determine the approximate molecular sizes of complexes containing DRBP76, NF45, and RHA in HEK-293 and HTB-14 cells. In the former, DRBP76 elutes from the column in two distinct peaks; the first peak was detected in the void volume of the column, indicating that a portion of DRBP76 is bound in an unresolvable macromolecular complex. The second peak, at a molecular size of ϳ140 kDa, overlaps with the single elution peak of NF45 (Fig. 1A) , consistent with a DRBP76:NF45 heterodimer (the observed molecular sizes of DRBP76 and NF45 are 90 kDa and 45 kDa, respectively). RHA elutes from the column as a single peak at ϳ390 kDa, and its distribution does not overlap with DRBP76 or NF45 (Fig. 1A) . These data suggest that in HEK-293 cells DRBP76 exists predominantly as a heterodimer with its binding partner NF45. Notably, neither DRBP76 nor NF45 were detected as monomers.
Size exclusion chromatography indicates that DRBP76 assembles in different complexes in HTB-14 cells (Fig. 1A) . Apart from a peak in the void volume of the column, DRBP76's elution peak corresponds to a complex with a molecular size of ϳ370 kDa and does not overlap with the single elution peak for NF45 (at ϳ170 kDa) (Fig. 1A) . The elution profile of RHA was similar to that observed with HEK-293 cell lysates. The elution profiles of RHA, DRBP76, and NF45 are incompatible with the DRBP76:NF45 heterodimer or the NFAR complex in HTB-14 cells. We therefore did not further investigate DRBP76-containing complexes in HTB-14 cells by immunoprecipitation.
To confirm formation of the DRBP76:NF45 heterodimer in HEK-293 cells and exclude the possibility of similarly sized complexes involving proteins other then DRBP76 and NF45, we performed coimmunoprecipitation experiments. DRBP76 and NF45 were immunoprecipitated from HEK-293 cell lysates, and the immunoprecipitate was subjected to Western blot analysis to determine retrieval of the heterodimer partner (Fig. 1B) . Confirming the size exclusion chromatography results, DRBP76 and NF45 coimmunoprecipitate from a HEK-293 cell lysate (Fig. 1A) . Interleukin enhancer-binding factor 3 (ILF3), a larger DRBP76 isoform, which was not identified as an HRV2 IRES binding protein, was also apparent ( Fig. 1A and B) . Both ILF3 and DRBP76 exist in multiple isoforms, likely due to variable posttranslational modifications (32, 39, 45) .
Neuronal DRBP76:NF45 complexes bind to the HRV2 IRES. The IRES binding capacity of DRBP76 is restricted to neuronal cells, as determined by in vitro binding analyses (27) . We extended these analyses to study whether the association between the heterodimer and the HRV2 IRES is cell type specific and whether IRES binding of NF45 depends upon DRBP76. Comparative RNA affinity chromatography was performed with HRV2 IRES stem loop domains V/VI by using cytoplasmic extracts from HEK-293 or HTB-14 cells. Bound protein was retrieved by step elution with increasing salt concentrations. In accordance with a previous investigation (27) , DRBP76 from HEK-293 cells ( Fig. 2A) , but not from HTB-14 cells (Fig. 2B) , efficiently bound the IRES. Interestingly, the binding characteristics of NF45 mirrored those of DRBP76, as indicated by association of the heterodimer with the HRV2 IRES in neuronal cells ( Fig. 2A) but not in glioma cells (Fig. 2B) .
Not all of the DRBP76:NF45 heterodimer in HEK-293 cells associated with the HRV2 IRES in our RNA affinity study. Significant amounts of both proteins were found in flowthrough and H200 washes of the affinity column. This observation indicates that (i) the RNA binding capacity of our column is saturated, (ii) a fraction of DRBP76 does not heterodimerize with NF45 and, therefore, is unable to bind to the HRV2 IRES, or (iii) the heterodimer is engaged in competing ribonucleoproteins (RNPs), preventing association with the IRES. Empirical evidence favors the third possibility, because prior micrococcal nuclease treatment of cytoplasmic HEK-293 extracts to remove en- To discern independent binding of NF45, we investigated IRES affinity in HEK-293 cell extracts devoid of DRBP76. Immunodepletion effectively removed DRBP76, as it was no longer detectable by Western blotting (Fig. 2C) . DRBP76 removal disrupted association of NF45 with the HRV2 IRES in neuronal cells (Fig. 2D) . DRBP76 immunodepletion is also likely to remove NF45 from extracts; nevertheless, the lack of IRES binding by remnant NF45 in the immunodepleted extract suggests that NF45 is unable to bind independently to the IRES. These data, in addition to observation of the DRBP76: NF45 heterodimer by gel filtration and coimmunoprecipitation, suggest that DRBP76 and NF45 associate with the HRV2 IRES as a complex.
The heterodimer associates with the translation apparatus in neuronal cells. DRBP76 and NF45 are enriched in RSW extracts of neuronal cells compared to those of glioma cells (27) . Colocalization of these proteins with ribosomes suggests a role in translation control. To investigate the association of the heterodimer with the translation apparatus, we performed velocity sedimentation analyses of DRBP76 and NF45 in ribosomal profiles in vivo. Cytoplasmic extracts of mock-or virusinfected cells were subjected to density gradient centrifugation followed by fractionation with concomitant analysis of optical density ( Fig. 3 and 4) . Protein composition was assayed in alternating fractions while rRNA and viral RNA (in infected cells) were analyzed in each fraction. In HEK-293 cells, DRBP76 and NF45 sediment with free protein, 40S and 60S subunits, and mono-and polysomes (Fig. 3A) . We excluded the possibility that the proteins cosediment with polysomes due to participation in macromolecular complexes by treating samples with EDTA to disrupt polysomes and release associated RNPs. EDTA disengaged the heterodimer to the top of the gradient, confirming specific association with polysomes (Fig.  3D) . RpS6 marks the presence of ribosomes, and tubulin represents free protein.
Translation initiation of PV-RIPO RNA is arrested in neuronal cells. In PV-RIPO-infected HEK-293 cells, viral RNA is detected mainly in 40S-subunit-containing fractions, with lesser signal in mono-and disome peaks (Fig. 3B) . Retention of PV-RIPO RNA with 40S ribosomal subunits suggests hindrance of translation initiation at the HRV2 IRES resulting in failure to assemble with polysomes.
Sedimentation of the viral RNA at 40S may indicate either association with 40S ribosomal subunits and a block of subsequent initiation events or participation in translationally inactive nonribosomal RNPs. Indeed, incubation of PV RNA with cytoplasmic extracts alters its inherent sedimentation rate, suggesting the spontaneous formation of RNPs that appeared to be distinct from ribosomal subunits (2, 11) . Assembly of PV-RIPO RNA into an RNP including the DRBP76:NF45 heterodimer may thus block translation by preventing recruitment of the 40S ribosomal subunit.
PV-RIPO infection of HEK-293 cells dramatically shifted the sedimentation pattern of DRBP76 and NF45; polysomal association was lost by 4 hpi, at which point DRBP76 and NF45 were detected almost entirely in fractions containing free protein or both 40S subunits and PV-RIPO RNA (Fig. 3B ). This effect is not due to a shift of ribosomes from the polysome to the monosome pool, because the relative absorbance pattern did not change significantly upon infection (Fig. 3A and B) . This indicates that polysome abundance and the average number of ribosomes per message are not affected by PV-RIPO infection of HEK-293 cells at 4 hpi. Rather, the shift from polysomal to premonosomal fractions may result from virusinduced modification of DRBP76 and NF45 in HEK-293 cells.
The presence of DRBP76:NF45 in the 40S-subunit-containing fractions may be due to specific association with the 40S subunit, formation of 40S RNPs, or spreading from the freeprotein-containing fractions, since they overlap in the ribosomal profile (Fig. 3B) . To evaluate the latter possibility, we performed fine mapping of the free-protein-and 40S-subunitcontaining fractions by low-density gradient velocity sedimentation analysis (Fig. 3C ). rRNA and protein were analyzed from every fraction by agarose gel electrophoresis and Western blot analysis, respectively. We were unable to amplify viral cDNA from individual fractions by RT-PCR, most likely due to the diluting effect of increased fractionation. DRBP76 and NF45 were detected both in free-protein-containing fractions (Fig. 3C, lanes 1 to 14) and in 40S-subunit-containing fractions (Fig. 3C, lanes 16 to 24) . The spectra and the distributions of RpS6 and 18S rRNA (Fig. 3C) indicate that the 40S subunit is most abundant in lanes 18 to 22, coincident with a peak of DRBP76 and NF45 sedimentation. We conclude from these studies that DRBP76:NF45 complexes in HEK-293 cells associate with 40S ribosomal subunits or 40S RNPs, overlapping the distribution of translationally arrested PV-RIPO genomic RNA ( Fig. 3B and C) .
In contrast to PV-RIPO, PV's neuropathogenicity is reflected by robust growth in HEK-293 cells (5) . In PV-infected HEK-293 cells, viral RNA is associated almost exclusively with polysomes (Fig. 3E) . As with PV-RIPO-infected HEK-293 cells, DRBP76 and NF45 shift to premonosomal fractions; however, their distribution in the gradient does not overlap with viral RNA (Fig. 3E) .
DRBP76 and NF45 are not associated with ribosomes in glioma cells. DRBP76 and NF45 abundance was significantly lower in ribosome-containing fractions of HTB-14 than in those of HEK-293 cells (Fig. 3A and F) , consistent with protein levels in their RSWs (27) . NF45 was detected in premonosomal and monosomal fractions, while DRBP76 did not associate with ribosomes at all. Our data suggest that DRBP76 and NF45 associate with the translation apparatus in HEK-293 cells to a greater extent than that in HTB-14 cells. In accordance with efficient viral translation and propagation in glioma cells, the bulk of PV-RIPO RNA associates with polysomes in infected HTB-14 cells (Fig. 3G) . Unlike results with HEK-293 cells, virus infection barely affects the distribution of DRBP76 and NF45 in the ribosomal profile of HTB-14 cells. Significantly, there is complete separation of both proteins in premonosomal and monosomal fractions from translating viral RNA in polysomes.
DRBP76 depletion relieves translation arrest at the HRV2 IRES in neuronal cells. To investigate a functional correlation between PV-RIPO translation and sedimentation of the heterodimer, we conducted ribosomal profile analyses of DRBP76-depleted HEK-293 cells (Fig. 4) . shRNA was employed to knock down DRBP76 expression by use of a previously established lentivirus delivery strategy (4, 23, 27 ). DRBP76/ILF3 protein levels were significantly diminished in HEK-293 cells infected with shRNA-expressing lentivirus (termed shDRBP76 cells [27] ) relative to levels in HEK-293 cells infected with lentivirus lacking the shRNA expression cassette (compare Fig. 3A and 4A) . Accordingly, in shDRBP76 cells, DRBP76 was removed entirely from ribosomal-subunit-containing fractions (Fig. 4) . The knockdown also displaced NF45 from polysomal fractions (Fig. 4B) , suggesting that polysome association of NF45 in HEK-293 cells hinges at least in part on DRBP76. As a result, the DRBP76:NF45 sedimentation pattern for shDRBP76 cells resembled that observed for HTB-14 cells (Fig. 3F ). DRBP76 depletion in infected HEK-293 cells conversely affected the distribution of PV-RIPO RNA in Lysates from infected cells were generated at 4 hpi. Western blot analyses were performed with ␣-DRBP76, ␣-NF45, ␣-RpS6, and ␣-tubulin antibodies, as indicated. Viral cDNA corresponding to the IRES region was amplified by RT-PCR, and rRNA was analyzed from total RNA. M, monosome; P, polysome.
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the ribosomal profile. Displacement of the heterodimer from ribosomal fractions produced a shift of viral RNA towards monoand polysomal fractions (Fig. 4B) . Although the degree of polysome association did not reach that in infected glioma cells, the block of translation initiation in HEK-293 cells was relieved (Fig. 3B and G and 4B) . This suggests that DRBP76 depletion and the resulting dissociation of the heterodimer from ribosomes induce assembly of HRV2 IRES-containing viral RNA in polysomes.
DISCUSSION
Insertion of the HRV2 IRES into the PV genome abrogates viral translation and propagation in motor neurons (13) but does not affect growth in glioma (15) . Neuroattenuation of the PV-RIPO chimera is due, at least in part, to trans-dominant neuronal inhibitors binding to the HRV2 IRES. We previously demonstrated that DRBP76 binds to the HRV2 but not to the PV IRES in neuronal cells (27) . Rescue of PV-RIPO growth in neuronal cells by DRBP76 depletion suggests its involvement in trans-dominant inhibition of IRES function (27) .
We have documented a series of differences between HEK-293 neuroblasts and HTB-14 glioma cells with regard to DRBP76. This protein exists predominantly in a heterodimer with its partner NF45 in the former, but not in the latter. The complex is capable of associating with the HRV2 IRES in neuronal but not in glioma cells. It is enriched in RSW and associates with ribosomes only in neuronal cells. The association of DRBP76 with NF45 may influence its ability to bind to the HRV2 IRES and to associate with the translation apparatus in neuronal cells.
PV-RIPO genomic RNA is retained either with 40S ribosomal subunits or in 40S RNPs in infected neuroblasts but is translation competent in glioma cells, where it assembles into polysomes. The distribution of translationally arrested PV-RIPO RNA overlaps with the DRBP76:NF45 complex in ribosomal profiles. This may implicate the heterodimer:IRES interaction in the repression of HRV2 IRES-driven translation resulting in exclusion from the polysome. Depletion of DRBP76 in neuronal cells also removes NF45 from ribosomecontaining fractions, indicating that association with the translation machinery relies on DRBP76 or, alternatively, requires the intact heterodimer. DRBP76 depletion coincides with a shift of PV-RIPO RNA towards polysomal association in infected neuronal cells, corresponding to elevated translation at the HRV2 IRES and significantly enhanced PV-RIPO growth (27) . The neuropathogen PV readily propagates in neurons, and DRBP76 depletion has no effect on viral growth or translation via its cognate IRES (27) . Accordingly, PV RNA readily assembles into polysomes in infected HEK-293 cells.
Similarly to most translation repressors, the DRBP76:NF45 heterodimer appears to disturb translation initiation events by associating with UTR sequences (10) . The locus of DRBP76: NF45 binding within the IRES, stem loop domains V/VI, is in line with a role in translation initiation, since this is the proposed site of ribosome entry (18) . Retention of PV-RIPO RNA in premonosomal fractions indicates that translation initiation at the HRV2 IRES is hindered. Most likely, the DRBP76:NF45 heterodimer blocks 40S ribosomal subunit recruitment at the IRES; alternatively, it may affect subsequent initiation events through interaction with the 40S ribosomal subunit.
Our observations link HRV2 IRES function to the availability of the heterodimer and the level of its interaction with the translation apparatus. The mechanisms regulating the RNA binding capacity and ribosome association of DRBP76 and its binding partner(s) have not been characterized. Posttranslational modifications and the extent of engagement in RNPs may control the potential for interaction with viral RNA in a cell-type-specific manner (32, 39, 45) . Indeed, gel filtration analyses indicate that cell-type-specific posttranslational modification of DRBP76 may determine its participation in distinct complexes. Viral RNAs translating under the control of the HRV2 IRES, but not the PV IRES, are excluded from polysomes in neuronal cells but translate efficiently in glioma cells. Our research provides an example of selective recruitment of mRNAs into polysomes due to the cell-type-specific conditions in glioma cells. Specific induction of messages encoding cyclin D1, fibroblast growth factor 2, c-myc, and vascular endothelial growth factor in cancer cells has been reported previously (42) . Interestingly, these mRNAs are capable of translation via internal ribosomal entry (28, 35, 38, 40) , indicating a favorable environment for IRES-mediated translation in cancer cells. More generally, selective polysome assembly on existing mRNAs has recently been described as a main downstream effect of oncogenic Ras/Akt signaling in glioma (36) . As exemplified with the HRV2 IRES, the capacity for polysome assembly may be regulated by RNA binding proteins with cell-typespecific distribution, RNA binding properties, and/or association with the translation apparatus.
Our data illustrate how organ-specific and intracellular distribution of translation factors can determine translation, particle propagation, and, hence, pathogenic features of viruses. HRVs do not naturally infect the human central nervous system. However, the major-group HRVs have the capacity to target motor neurons via their cellular receptor intercellular adhesion molecule 1 (7) . The absence of neuropathogenicity with these viruses may be due to repression of viral translation by incompatible RNA-protein interactions at the HRV IRES. We are employing the therapeutic utility of glioma-specific translation via the HRV2 IRES with the oncolytic virus prototype PVS-RIPO targeting cancers expressing FIG. 4 . Ribosomal sedimentation profiles of shDRBP76 cells. A 254 absorption spectra of 10 to 50% sucrose gradients containing lysates generated from mock-infected (A) or PV-RIPO-infected (B) shDRBP76 cells. Lysates from infected cells were generated 4 hpi and analyzed as described in the legend for Fig. 3 . M, monosome; P, polysome.
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the PV receptor CD155 (15) . This agent is in preparation for phase I clinical trials with patients with glioblastoma multiforme.
